The term acute kidney injury (AKI) has been recently coined by a large panel of international experts in place of the former expression "acute renal failure". This change has been motivated by a double intention: first it served to definitely find a conventional definition for acute changes of renal function, previously lacking in the medical community. In fact, any attempt to compare scientific papers and different centres experiences on AKI was essentially impossible. The second aim was to remark that this syndrome is characterised by a spectrum of progressive damage, from mild creatinine increase to renal injury to a more severe form, failure: this important concept should increase clinicians awareness to every form of renal dysfunction, even milder ones, in order to improve epidemiologic analyses, potentially preventing eventual AKI progression and finally helping standardisation of medical and supportive therapy. This review will describe such "new era" of critical care nephrology by presenting current literature (and its many controversies) about AKI diagnosis, physiopathology and management.
al function at the time of death or ICU discharge. Septic patients had more severe AKI, and were more likely to receive RRT with less frequency of renal function recovery. Patients with sepsis had higher ICU mortality and longer ICU stay.
Physiopathology
Physiopathology of AKI is multifactorial: several variables and extremely different clinical conditions are involved in reduction of renal function and make it difficult to exactly fit all types of AKI into a single pathophysiologic pathway. The traditional classification of AKI physiopathology into "pre-renal" (in case of mild to moderate renal hypoperfusion), "intra-renal" (mostly characterised by acute tubular necrosis) and "post-renal" (obstructive) has recently been argued [4] . As a matter of fact, a histological diagnosis is rarely performed: hence a clear distinction between most severe forms of pre-renal AKI and tubular damage is never possible and it can only be retrospectively hypothesised. Furthermore it is possible that tubular necrosis occurrence is limited to few AKI cases and that structure of renal parenchyma is not frequently involved. A recent 10-year retrospective multicentre French study on 77 critically ill patients with AKI who underwent renal biopsy showed that, in spite of a relatively high number of complications, only 18% were diagnosed with ATN [5] . In this light, even if the actual role of parenchymal modifications during AKI occurrence remains to be definitely clarified, from a conceptual point of view AKI should be looked at as a continuum of injury and not classified by presence/absence of histological damage [4] . Critical reappraisal of current literature on experimental studies, generally conducted on models of ischaemia reperfusion, revealed multiple pathways and mechanisms of organ injury: local activation of the coagulation system [6] infiltration of the kidney by leukocytes [7] , endothelial injury [8] , expression of adhesion molecules [9] , release of cytokines [10] induction of toll-like receptors [11] activation of intra-renal vasoconstrictor pathways [12] and induction of apoptosis [13] There are also associated changes in tubular cells with loss or inversion of polarity [14] and loss of adhesion to the basement membrane [15] . Unfortunately, these models are quite "extreme" and likely far from any clinical manifestation of human AKI, where renal arteries are not clamped and then unclamped but less severe forms of low flow state followed by reperfusion generally occur. On the other side, pathogenetic investigations in humans are frequently focused on renal perfusion either due to the empirical observation that severely septic shock patients and haemodynamically unstable patients are most frequently affected by AKI. Furthermore normotensive AKI has been described as a consequence of intra-renal haemodynamic changes [15] . However, a recent editorial remarked that since renal blood flow (RBF) is not routinely assessed in critically ill patients, we currently do not know if it is really decreased during septic shock [16] . Notably, a clinical observation on invasive RBF measurement described complex and unpredictable association with changes (either increase and reduction) in intra-renal microcirculation and glomerular haemodynamics [17] . A small interesting study on established septic AKI from the same group, evaluated by cine phase-contrast magnetic resonance, confirmed that RBF fraction of cardiac output appears significantly reduced compared to normal healthy individuals (7 vs 20%) [18] . However, measurement of RBF in patients with established AKI must rely on organ oedema, tubular injury, back-leak, increased tubular luminal pressure [4] : hence, RBF reduction may be the consequence of, rather than the mechanism responsible for AKI. Causes of RBF reduction may be identified in sympathetic system activation [19] , kidney-specific neuro-hormonal activation of the renin-angiotensin system (RAAS) [20] and activation of the tubulo-glomerular feedback (TGF) system [21] . In particular, during septic AKI, infection might lead to induction of nitric oxide synthase and nitric oxide mediated arterial vasodilatation and secondary activation of the sympathetic system, RAAS activity and renal vasoconstriction [20] . Arginine vasopressin seems to have a role too, contributing to water retention [20] . Complex neurohormonal feedbacks may also cause intra-renal shunting with decreased glomerular filtration rate (GFR) and ischaemia of the renal medulla. Hence, microcirculation is finally affected, suggesting that, even if one could measure global RBF, unless the microcirculation is also assessed, estimation of renal perfusion is significantly limited [22] . Organ "cross-talk" is also becoming an important object of recent pathogenetic investigations: after many years from the description of hepato-renal syndrome (and the description of many neurohormonal pathways and links between the liver and the kidneys [4]) it has been observed that both heart failure and kidney disease are frequently combined: heart insufficiency can be superimposed on acute or chronic renal dysfunction; otherwise kidney disease may be linked to an acute or chronic decompensation of heart failure (cardiorenal and renocardiac syndromes) [23] . Interestingly, it has been observed that a congestive state (right heart failure), due to renal oedema causing a form of kidney tamponade, may be as important to the pathogenesis of AKI as low blood pressure or low cardiac output (left heart failure and other shock states) [24] . Similarly, it is currently evident that pathogenesis of severe lung injury and acute respiratory distress syndrome, especially after aggressive ventilation have been instituted, are strictly linked to AKI occurrence [25] : inflammation mediators produced by the two organs are probably involved, together with the difficulty of achieving fluid restriction in patients with damaged lungs when kidney function is hampered.
Definition and diagnosis
Apart from any pathophysiologic consideration, during AKI sudden reduction in renal function occurs: consequently, creatinine and urea accumulate. Commonly, but not necessarily, urine production is also reduced. The term acute kidney injury (AKI) has been recently coined [26] in place of the former expression "acute renal failure". This change served to definitely find a conventional definition for acute changes of renal function. Then, it has been underlined that the amount of such markers change during AKI is variable: as a continuum of kidney damage, renal dysfunction ranges from a low level (or "risk" of being injured), to an actual "injury" (with reduced but still present renal function), to a definitive "failure" (severely reduced or lost renal physiology). This idea brought Acute Dialysis Quality Initiative (ADQI), back in 2004, to the consensus definition of the RIFLE criteria [26] : such acronym conventionally described 3 stages of progressively higher cre-
Figure 1
The utility of biomarkers to detect injury to specific nephron segments affected by various nephrotoxins. a Nephron segment-specific biomarkers of kidney injury. b Drugs that elicit site-specific toxicity in the kidney. [28] . The ease of the classification stages achievement at the bedside, even if at a first glance superficial and completely questionable (as every consensus definition is), originally aimed to increase clinicians awareness on the fact that even small increases (0.3 mg/dl) in serum creatinine should be looked carefully because that patient already has AKI (or, as recently defined, a "kidney attack" [2]). Furthermore, after years without a common renal failure definition with scientific literature providing dissimilar epidemiological studies, RIFLE and AKIN finally created a common epidemiological framework of reference. In this light, today it has been definitely confirmed (in disparate clinical settings) that AKI is independently associated with greater risk of death and that this risk is linearly correlated to AKI stages [29] . It has to be remarked that the concept of "definition" should not be confounded with the concept of "aetiological diagnosis". RIFLE/AKIN criteria do not intend to identify the cause of AKI (especially because, as stated above, it is blurred and difficult to establish): they are only useful to mark the pathology and to identify it. The next step to be verified by prospective studies on RIFLE/AKIN classifications will be the possibility of applying different therapeutic strategies at different AKI stages: timing of different therapies might be standardised or reproduced in different centres and trials. This idea most recently brought a group of Belgian researchers to utilise a "real-time electronic alert system", based on the RIFLE classification criteria, in order to verify if clinicians, once proactively and timely alerted that their patients AKI class was worsening, did improve AKI management. Interestingly, they showed that, during the "alert period", the number and timeliness of AKI therapeutic interventions was significantly increased and short-term renal outcome in the Risk patients was improved [30] with respect to a control period. Two provocative observational studies on the possibility of deciding RRT timing on a risk-injury-failure basis seemed instead to substantially reject this hypothesis, as far as dialysis is concerned [31] [32] . The authors showed that many Failure patients not treated with RRT achieved a similar outcome (if not better) to Failure patients undergoing RRT [31] . They also claimed that RRT-treated Risk and Injury patients showed worse outcomes than Failure RRT-treated patients [32] . However, as also remarked below, it is possible that the most effective intervention on AKI management is (medical) prevention of patient progression to a worse AKI stage. Then, since RRT is clearly applied to patients with the most severe clinical presentation irrespective of creatinine levels, AKI classifications may poorly perform in a cohort of dialysed critically ill patients. Finally, the recent enthusiasm of basic research on AKI diagnosis highlighted the fact that renal dysfunction begins long before sufficient loss of excretory kidney function can be detected with standard laboratory tests. This happens because urea and creatinine are insensitive markers of glomerular filtration rate (GFR) and are modified by nutrition, the use of steroids, the presence of gastrointestinal blood, muscle mass, age, gender, or muscle injury [4] . Furthermore, creatinine starts increasing only when more than 50% of GFR is lost, cannot reflect GFR trends and may be diluted after aggressive fluid resuscitation [33] . New techniques based on proteomics have identified several novel biomarkers of AKI: cystatin C (CysC), neutrophil gelatinase associated lipocalin (NGAL), interleukin 18 (IL18), kidney injury molecule 1 (KIM1), and many others ( fig. 1) [34] . Current state of the art does not allow declaring which of these biomarkers is the ideal one: however, a biochemical pattern can be drawn basing on the different features of each of them. In many pivotal studies biomarkers showed to change earlier than changes in serum creatinine [35] . Others appeared to reflect different aetiologies of renal injury [36] . Then, they seemed to dynamically change with treatment or recovery, which suggests that they can be used to monitor interventions [37] . In recent studies subpopulations of patients who did not have AKI according to creatinine-based criteria, but actually had a degree of subclinical renal damage, were identified by biomarkers and associated with worse outcomes [38] . Finally, by identifying possible mechanisms of injury, these biomarkers might increase our understanding of the pathogenesis of AKI and/ or help in prognosis/triaging of AKI syndrome [39] . Although urinary NGAL and CysC are probably the most studied renal biomarkers, multiple other molecules are currently under investigation. Interestingly enough, such "biomarkers wave" allowed also to evaluate organ cross talk, as in the case of cardiorenal syndrome: brain natriuretic peptide (BNP) commonly used to screen or follow up patients with heart failure, showed to be associated with post-operative AKI in a cohort cardiac surgery patients [40] . No study so far, however, attempted to show a positive association of biomarkers use (and relative cost) with hard clinical outcomes. It must finally be remembered that apart from biomarkers expectations, the operators never have to forget AKI causes and physiopathology: the current effort to standardise AKI and to diagnose it with magic tools before it can be clinically manifest will never be able to track AKI before renal damage has even occurred. Furthermore, any diagnostic approach to the cause or trigger of AKI must take into account the local context and epidemiology. In this light, each critically ill patient should be closely observed, AKI occurrence never overlooked and physiopathology/prevention of renal dysfunction always taken in consideration.
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Prevention of AKI
Avoiding AKI occurrence is probably the best way to improve outcomes of critically ill patients with renal dysfunction. Hence, when possible, patients should not receive potentially nephrotoxic drugs such as vancomycin, aminoglycosides, contrast agents and acetyl salicylic acid, especially in patients with additive risk factors for AKI development (elderly, diabetic, congestive heart disease or chronic renal failure patients) [41] (fig. 1) . Furthermore,
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Swiss Med Wkly. 2012;142:w13662 management of "pre-renal" causes is mandatory from the initial phases of the shock state: typically a colloid/crystalloid 10-40 ml/kg intravenous fluid challenge is considered the first line therapy to target a mean arterial pressure of 65 mm Hg and a central venous pressure of 12-15 mm Hg (in case of mechanical ventilation) [42] . An on-going debate has not fully elucidated so far if colloids or crystalloids should be preferably infused and if they can be safely used in septic patients, especially in the light of their potential nephrotoxic role [43] . Unfortunately, today, no striking evidence from human data, contradictory animal studies and no understanding of the physiological effects of fluid bolus resuscitation in critically ill patients exist [44] . If restrictive fluid management of haemodynamically unstable patients is considered, an early and aggressive use of vasopressors should be recommended in order to restore adequate perfusion pressure after an initial moderate fluid administration [44] . In this light, norepinephrine seems to be the drug of choice and its beneficial effects on renal perfusion have been clearly shown in an interesting experimental model [45] . Vasopressin (antidiuretic hormone) is another powerful agent for rapid and effective increase of systemic resistances and mean arterial pressure. It is important to highlight that vasopressors, when carefully titrated to the minimal dose able to restore mean arterial pressure in critically ill patients, are not harmful for kidney function and may be potentially beneficial [46] . A completely different approach to AKI prophylaxis has been attempted with the use of fenoldopam: in a randomised controlled clinical trial, this agent, a selective agonist of renal dopaminergic receptors (vasodilation of glomerular afferent arterioles), showed to significantly reduce the incidence of AKI in a cohort of patients with sepsis and normal baseline renal function [47] . This study is one of the few that attempted a specific preventive medical nephroprotective strategy in critically ill patients with sepsis. As a matter of fact, one reason for the lack of an effective therapy of septic AKI might rely on the delay of clinical signs and symptoms of sepsis with respect of renal injury that presumably occur in the earliest phases of shock. In this light, the use of novel early diagnostic biomarkers and AKI classifications might encourage a timely preventive nephroprotective intervention [36] [37] .
Medical therapy of AKI Diuretics, in particular loop diuretics, exemplify the typical symptomatic medication of critically ill patients with oliguric AKI. Loop diuretics act on the medullary thick ascending loop of Henle to inhibit the Na+/K+/2Cl-pump on the luminal cell membrane surface and reduce oxygen demand. Diuretics main role is to manage volume overload and optimise acid-base and electrolyte homeostasis. Currently, however, controversy exists as to whether or not diuretics can actually reduce or delay RRT use and eventually improve clinical outcomes in sepsis and septic AKI [48] . Thus, although a strong rationale for their use seems to exist, understanding of how and when diuretics should be used is limited. Most interestingly, however, a recent post hoc analysis [49] , from the Fluid and Catheter Treatment Trial (FACTT) study, which evaluated a conservative versus liberal fluid management strategy in patients with acute lung injury, showed that a positive fluid balance after AKI was associated with 60-day mortality, that the risk of death in patients with acute lung injury and AKI was approximately 1.6-fold higher per liter/day of fluid accumulated and, Importantly, that diuretic use after AKI was associated with decreased mortality, with the protective effect on 60-day mortality being limited after adjustment for fluid balance. This analysis suggests that the benefit of furosemide in critically ill patients was derived from the resultant optimisation of fluid overload. Several specific medications for AKI have been attempted in the last ten years but their use in the clinical field has hopelessly failed, even after promising experimental studies. On the clinical field, an isolated positive investigation evaluated the administration of bovine alkaline phosphatase (AP) to sepsis patients with AKI [50] . AP is an endogenous enzyme that acts through dephosphorylation of endotoxins and pro-inflammatory extracellular ATP with a specific local action on renal tubules. In this trial, AP significantly improved renal function, indicated by the authors with a composite endpoint including endogenous creatinine clearance, RRT requirement and duration of dialysis. The findings of this study were further reinforced by a significant reduction in some of the evaluated circulating inflammatory markers (C-reactive protein, Interleukin-6, LPS-binding protein) and urinary markers of tubu- Table 1 : Classification/staging system for acute kidney injury.
RIFLE Class Serum creatinine criteria
Urine output criteria R Serum creatinine increase to 1.5-fold or GFR decrease >25% from baseline <0.5 ml/kg/hour for 6 hours I Serum creatinine increase to 2-fold or GFR decrease >50% from baseline <0.5 ml/kg/hour for 12 hours F Serum creatinine to 3-fold, GFR decrease >75% from baseline or serum creatinine ≥4 mg/dl (≥354 μmol/l) with an acute increase of at least 0. 
Renal replacement therapy
Artificial blood purification and renal function substitution is indicated when kidney dysfunction is severe enough to cause acute harm to the patient. Given this consideration, it is clear that the best time to start RRT is controversial (except in the honestly rare case of rapidly increasing potassium levels) and difficult to establish. Several observational studies evaluating timing described "early" RRT as beneficial [51] : as it happened for AKI diagnosis, currently no standard definition of such earliness exists and, above all, it has not been clarified with respect of what we should define "early timing" (ICU admission? AKI diagnosis? Severe AKI diagnosis? Sepsis occurrence? Fluid balance?). Once RRT is indicated, a prescription on dialysis dose has to be made and the treatment carefully delivered. Intensity of a dialytic treatment could be roughly indicated by the amount of dialysis/hemofiltration flow delivered to the patient: after the milestone trial by the group of Vicenza back in 2000 [52] , such flow has been indexed to patient's body weight, in order to highlight that this variable is of straightforward importance in AKI patients. Two large multi-centre randomised controlled studies published in 2009 (the randomised evaluation of normal versus augmented level [RENAL] replacement therapy study [53] and the VA/NIH Acute Renal Failure Trial Network [ATN] study [54] ) finally clarified the concept of optimal dialysis dose. The RENAL and ATN studies were designed to compare "normal" or "less intensive" renal support to an "augmented" or "intensive" therapy: in particular, the RENAL study compared 25 ml/kg per h continuous veno-venous haemodiafiltration (CVVHDF) to 40 ml/kg per h; the ATN study compared 20 ml/kg per h CVVHDF or thrice weekly intermittent dialysis to 35 ml/kg/h CVVHDF or daily intermittent dialysis. Surprisingly, both studies showed that increases in intensity of RRT dose did not improve patient outcomes, essentially confuting a large body of evidence coming from previous smaller trials. As a consequence, the definition of "normal dose" is now recommended in a range of 20-30 ml/kg per h for continuous therapies and/or thrice weekly intermittent haemodialysis. No randomised controlled trials have addressed the issue of RRT stop. Observational studies have suggested that urine output during RRT can be used to predict successful weaning. A spontaneous urine output >500 ml/day seems to have sufficient discrimination to be used for the purpose of considering a trial of RRT cessation [55] . Furthermore fluid balance has recently been claimed as a major outcome determinant of critically ill patients with AKI: it is possible that a negative fluid balance should be targeted in CRRT patients, once haemodynamic stability has been warranted by initial resuscitation efforts [56] . However, it is currently impossible to recommend a priori the net UF rate, that should instead be tailored on patients' needs. The authors of the RENAL trial recently retrospectively analysed the association between daily fluid balance and several hard clinical outcomes on the cohort of more than 1400 patients previously enrolled in RENAL study [56] . Interestingly, not only they found that a negative mean daily fluid balance during the study treatment was independently associated with a decreased risk of death at 90 days, increased survival time and increased renal replacement-free days, intensive care unit-free days and hospital-free days but also they showed how this association remained after adjustment for propensity and all available markers of illness severity at randomisation. Such a robust association between a positive fluid balance and unfavourable outcomes suggests the need to decrease, as soon as clinically possible, fluid administration in patients with AKI or to specifically target negative fluid balance during RRT.
Conclusion
The mortality of AKI remains high (about 50%). It is possible that even a short episode of AKI may contribute to long-term organ and patient morbidity and mortality. Thus, this complex syndrome should be prevented, aggressively treated and never overlooked, especially the milder forms. When RRT becomes necessary, it is possible that the (critically ill) patient has a clinical picture of multiple organ failure: in case, unfortunately, probability of surviving is still dramatically low: a correct dialysis prescription and delivery, avoidance of dialysis underdosing and prevention of harmful complications (such as hypotension and bleeding) are currently recommended to target "standard of care". AKI survivors have to be followed up being progression to forms of chronic renal failure currently increasing. 
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